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Supplement 1.
Model description for our atmospheric general circulation model (AGCM)
The AGCM used in this study is the atmospheric component of Flexible Global Ocean-Atmosphere-Land System model Spectral Version 2 (FGOALS-s2), which is developed by the State Key Laboratory of Numerical
Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics at the Institute of Atmospheric Physics in
Chinese Academy of Science (LASG/IAP/CAS). The full name of our AGCM is Spectral Atmospheric Model of IAP LASG (SAMIL) and is hereafter refered to as SAMIL. SAMIL is a spectral model with a horizontal resolution of R42, approximately 2.81° longitude × 1.67° latitude. The model uses 26 hybrid vertical layers that extend from the surface up to 2.19 hPa. The model dynamical framework employs a standard atmosphere subtraction scheme (Wu et al. 1996) to accurately calculate pressure gradient forces. The model dynamical time step is 10 min.
Since the atmospheric radiative scheme has already been introduced in the manuscript, further descriptions are for other model parameterizations. The macro cloud fraction is derived from a diagnostic method (Slingo 1987 , Kiehl et al. 1998 ) based on vertical motion, relative humidity, atmospheric stability, water vapor and convective mass fluxes.
Additionally, the threshold for low cloud is modified by Bao et al. (2010) to take in account the differences among land, sea and regions of snow/ice cover. The cloud water content is diagnosed though the scheme (Xu & Randall 1996) with large scale meteorological fields. Meanwhile, the effective radius of clouds is parameterized for liquid clouds (Martin et al. 1994 ) and for ice clouds (Sun & Rikus 2004) , respectively. The mass flux cumulus parameterization of Tiedtke (Tiedtke 1989 ) is utilized for deep, shallow and mid-level convection, with a modified closure assumption and the formation of organized entrainment and detrainment (Nordeng 1994 , Song 2005 . The boundary layer process is a higher-order closure scheme (Holtslag & Boville 1993 ) that computes the turbulent transfer of momentum, heat and moisture. The effects of gravity-wave drag are also applied, which depend on the wind speed, density and static stability of the low-level flow (Palmer et al. 1986 ).
Previous results indicated that SAMIL can reproduce the mean large-scale climate patterns and the climate variability in various timescale to a considerable degree (Zhou et al. 2005 , Bao et al. 2010 , 2013 
Model performance on precipitation and cloud climatology
Here, we give some results simulated by SAMIL, with a focus on basic patterns of rainfall and cloud climatology. As shown in Figs. S1, S3 & S4, the simulations from SAMIL are close to the observations, including the global pattern and its zonal variation. In addition, SAMIL can reproduce well the summer Asian monsoon circulation and precipitation (Fig. S2) , although the precipitation centers are stronger than the observed. Of course, there are some biases for SAMIL, such as the atmospheric moisture and some cloud properties. In the next steps, more efforts are being made in LASG/IAP/CAS to improve some key climate processes in our climate model, such as physical-based cloud microphysics, convection schemes and aerosol processes. 
